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(54) CERAMIC SLIDING MEMBER AND ITS PRODUCTION 

(57)Abstract: 

PURPOSE: To easily obtain in high productivity and yield a ceramic sliding member by 
providing the surface of a ceramic sintered compact with a diamond or diamond carbon 
coating film of high adhesiveness. 

CONSTITUTION: This ceramic sliding member is such that the surface of a ceramic sintered 
compact consisting mainly of silicon nitride or SIALON is provided with a diamond or diamond 
carbon coating film. In this case, the Ca concentration in the region from the surface of the 
ceramic sintered compact bearing the coating film to a depth of 100^m is lower than that 
inside this region. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Slide member made from ceramics to which calcium concentration in at least 100-micrometer 
field of the depth is characterized by decreasing rather than calcium concentration in the interior from 
this field from the front face of the ceramic sintered compact with which this coat was prepared in the 
slide member made from ceramics which prepared the coat of diamond or diamond-like carbon on the 
front face of the ceramic sintered compact which makes silicon nitride or sialon a principal component. 
[Claim 2] The manufacture method of the slide member made from ceramics characterized by forming 
the coat of diamond or diamond-like carbon in the front face after disappearing or decreasing calcium 
component in at least 100-micrometer field of the depth from the front face of a ceramic sintered 
compact by heat-treating in a vacuum the ceramic sintered compact which makes silicon nitride or 
sialon a principal component. 

[Claim 3] The manufacture method of the slide member made from ceramics according to claim 2 
characterized by heat-treating in the vacuum of 10 - 3 or less Pa. 

[Claim 4] The manufacture method of the slide member made from ceramics according to claim 2 or 3 

characterized by heat-treating at the temperature of 1 100-1400 degrees C for 2 to 6 hours. 

[Claim 5] The manufacture method of the slide member made from ceramics according to claim 2 to 4 

characterized by for the silicon nitride or sialon powder which is the start raw material of a ceramic 

sintered compact converting calcium compound into calcium, and containing it 1 ppm - 1% of the 

weight. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the slide member made from ceramics which prepared 
the coat of diamond or diamond-like carbon in the front face of the base material which consists of a 
ceramic sintered compact, and its manufacture method. 
[0002] 

[Description of the Prior Art] While ceramics are high degrees of hardness, it excels in thermal 
resistance and abrasion resistance, and since it excels also in mechanical properties, such as intensity, 
toughness, and a thermal shock resistance, the ceramics which make especially silicon nitride or sialon a 
principal component are widely used as slide member of a cutting tool, an abrasion-resistant tool, and 
others. 

[0003] In order to raise the reliability and the life of these ceramics further in recent years, as an 
enveloping layer, a degree of hardness is very high, and is chemically stable, preparing the coat of the 
diamond excellent in sliding-proof abrasiveness or diamond-like carbon attracts attention, and the 
research and development are briskly done in many fields. However, the coat which consists of diamond 
or diamond-like carbon has the fault that adhesion with ceramics is low and a coat tends to exfoliate. 
[0004] As an attempt which raises the adhesion to the ceramics of a diamond or diamond-like carbon 
coat, an alumimium nitride film is covered to cemented carbide or a ceramic sintered compact, and 
forming a diamond or a hard-carbon coat on it is proposed by JP,5-214532,A. Moreover, using the 
titanium-nitride film of a non-stoichiometric composition is indicated by JP,4-254584,A as an interlayer 
between cemented carbide, a ceramic sintered compact, a diamond, or a hard-carbon coat. 
[0005] However, when the matter which is dissolving carbon like a tungsten carbide or a titanium 
carbide as a reason whose adhesion of a diamond or a hard-carbon coat improves by using alumimium 
nitride for an interlayer in JP,5-214532,A is a base material, although it is because the carbonaceous 
diffusion and carbonaceous dissolution which are produced during coat formation can be prevented, 
concrete explanation is not made about the case of ceramic sintered compacts, such as silicon nitride in 
which a base material does not contain carbon. 

[0006] Moreover, in JP,4-254584, A, by a titanium carbide's becoming close to a stoichiometric 
composition by carbonaceous diffusion by the interface with a diamond or a hard-carbon coat by 
preparing the titanium-carbide film of the non-stoichiometric composition which reduced the carbon 
content as an interlayer, therefore carbonaceous diffusion stopping at a base-material side, since a 
titanium carbide continues being a non-stoichiometric composition, a big volume change is not produced 
but it is said that adhesion with a base material improves. 

[0007] On the other hand, after processing the front face of the sintered compact which makes silicon 
nitride a principal component with an acid or alkali, forming a diamond or diamond-like carbon coat is 
indicated by JP,4-202075,A. Since the grain boundary of a silicon nitride sintering body surface and the 
holohyaline near the grain boundary are corroded preferentially, the pillar-shaped particle of silicon 
nitride remains, and detailed irregularity is formed and the rate of area of surface silicon nitride 
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increases by processing with an acid or alkali, the coefficient of thermal expansion on the front face of a 
base material becomes still closer to a diamond, and it is indicated that high adhesion is obtained. 
[0008] 

[Problem(s) to be Solved by the Invention] However, also in the above-mentioned conventional method, 
it was difficult to fully raise adhesion with a ceramic sintered-compact, diamond, or diamond-like 
carbon coat. That is, by the method of preparing interlayers, such as alumimium nitride and a titanium 
carbide, the number of times of covering and the number of coats are made increased by an interlayer ! s 
formation, and possibility that ablation will arise among both interlayers and between the coats of 
interlayer, diamond, or diamond-like carbon becomes high. 

[0009] Moreover, by the method of processing a ceramic sintered compact with an acid or alkali, 
improvement in adhesion to the extent that it is difficult to form the coat of diamond or diamond-like 
carbon in accordance with the shape of toothing with a detailed front face, a coat does not fully turn to 
the interior of the hole in which the glass phase of a grain boundary began to melt into, and was formed, 
therefore it is expected is not obtained. . 

[0010] Furthermore, since fluoric acid, a FUTSU nitric acid, or a sodium hydroxide is used in the case 
of the method of processing a ceramic sintered compact with an acid or alkali, not only these 
managements but the correspondence safety and in respect of environment is needed. In addition, the 
glass phase of a ceramic sintered compact may melt too much, or it is necessary to also manage the 
corrosion-treatment conditions by the acid or alkali strictly, when melt and there is too nothing, the fall 
of adhesion may be caused, and thereby, reduction in the yield may be caused. 

[001 1] this invention aims at offering the method of being an easy method and forming offering the slide 
member made from ceramics which equipped the front face of a ceramic sintered compact with the coat 
of the diamond excellent in adhesion, or diamond-like carbon in view of this conventional situation, and 
this slide member made from ceramics with sufficient productivity by the high yield. 
[0012] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, slide member made 
from ceramics which this invention offers is characterized by decreasing rather than calcium 
concentration [ in / the interior / from this field / in calcium concentration in at least 100-micrometer 
field of the depth ] from the front face of the ceramic sintered compact with which it is the slide member 
made from ceramics which prepared the coat of diamond or diamond-like carbon, and this coat was 
prepared on the front face of the ceramic sintered compact which makes silicon nitride or sialon a 
principal component. 

[0013] The manufacture method of the slide member made from ceramics of this invention is 
characterized by disappearing or decreasing calcium component in at least 100-micrometer field of the 
depth from the front face of a ceramic sintered compact, and forming the coat of diamond or diamond- 
like carbon in the front face the back by heat-treating in a vacuum the ceramic sintered compact which 
makes silicon nitride or sialon a principal component. 

[0014] In addition, the diamond-like carbon said here is amorphous, and means a diamond and the 
carbon which has an analogous property, and Diamond-like carbon is called in English. 
[0015] 

[Function] In this invention, adhesion with the coat of ceramic sintered-compact, diamond, or diamond- 
like carbon was able to be raised by paying one's attention to the impurity of the minute amount 
contained in the silicon nitride powder which is the raw material of the ceramic sintered compact which 
makes silicon nitride or sialon a principal component, especially a lime compound, and disappearing or 
decreasing a lime compound from a sintering body surface or its near. 

[0016] Namely, the ceramic sintered compact which makes a principal component silicon nitride 
(Si3N4) or sialon (SiAlON) Although manufactured by carrying out addition mixture and sintering a 
sintering acid to this using the silicon nitride powder of marketing which has a suitable particle size, 
purity, a rate of alpha, an aspect ratio, etc. according to the use made into the purpose The impurity of a 
minute amount, for example, oxygen, carbon, chlorine, iron, calcium, aluminum, etc. are contained in 
silicon nitride powder in addition to Si3N4. 
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[0017] These impurities are very difficult for being what is mixed from the facility used in case silicon 
nitride powder is produced, a fixture, etc., or already being contained in the solid-state and liquid as a 
raw material for producing silicon nitride powder, and losing this all completely. 
[0018] Therefore, the ceramic sintered compact which makes silicon nitride or sialon a principal 
component contained these impurities, and when X-ray analysis was performed about the front face and 
interior, it made it clear that Y20-N4Si 12048 and calcium(Fe, Mg) Si 206 are formed in any part. 
Moreover, although these compounds remained in the sintering inside-of-the-body section when this 
ceramic sintered compact was heat-treated in the vacuum, in a sintering body surface, only Y20-N4Si 
12048 remained, and it turns out that calcium(Fe, Mg) Si 206 disappears. 

[0019] Then, when the diamond coat and the diamond-like carbon coat were formed in the front face, 
respectively and the adhesion was evaluated by the pin-ON-disk test method about the ceramic sintered 
compact beforehand heat-treated in the vacuum, and the ceramic sintered compact which does not 
perform this heat treatment, the ceramic sintered compact beforehand heat-treated in the vacuum showed 
one about 3 times the adhesion of this compared with the sintered compact without heat treatment. 
[0020] Although this reason is not clear, it can think as the following. As shown in Table 1, in 
combination with oxygen, calcium and Mg have high ionic bond nature, and bonding strength's is [ Mg ] 
weaker than Si. Therefore, if it heat-treats in a vacuum, in order that calcium and Mg with high ionic 
bond nature may disappear from a ceramic sintering body surface, ionic bond nature becomes weak and, 
as for near the sintering body surface, covalent-bond nature becomes high. 
[0021] 
[Table 1] 

Origin Base Ionic bond nature (%) Strength Si of single bond (kJ/mol) 37 444calcium 62 134Mg 55 155 
[0022] Moreover, both diamond and diamond-like carbon is sp3 hybrid orbitals, and it is known that 
covalent-bond nature is shown. For this reason, the formation of a coat excellent in adhesion is 
considered to have become possible by combining more strongly than the sintering body surface which 
shows ionic bond nature with the high sintering body surface of covalent-bond nature the coat of the 
diamond in which covalent-bond nature is shown, or diamond-like carbon. 

[0023] in addition, sintering after heat-treating in a vacuum to the sintered compact which makes silicon 
nitride or sialon a principal component -- with evaluation of the elemental analysis of Y20-N4Si 12048 
in the living body and calcium(Fe, Mg) Si 206 The result which evaluated the adhesion of the coat of 
diamond or diamond-like carbon by the pin-ON-disk examining method, In order to excel adhesion in 
case the adhesion at the time of heat-treating in a vacuum does not heat-treat, it turns out that the 
concentration distribution of calcium(Fe, Mg) Si 206, i.e., the concentration distribution of calcium 
component, needs to be decreasing from a field with a depth of at least 100 micrometers from the front 
face of a sintered compact. 

[0024] Heat treatment in the vacuum for obtaining improvement in the adhesion of the diamond based 
on disappearance or reduction of this calcium component or a diamond-like coat is preferably performed 
in the vacuum of 10 - 3 or less Pa. An oxide film is formed in a sintering body surface, and since it 
becomes difficult for calcium and Mg component to dissipate from a sintering body surface also with 
heat treatment, it becomes impossible to expect the effect of this invention in the case of the pressure to 
which the atmosphere at the time of heat treatment exceeds ten to 3 Pa. 

[0025] As for the conditions of heat treatment in a vacuum, it is desirable to carry out at the temperature 
of 1 100-1400 degrees C for 2 to 6 hours. In the temperature of less than 1 100 degrees C, or less than 2 
heat treatment hours, a sintering body surface is not effectively reformed for this condition, and the 
adhesion of a diamond or diamond-like carbon coat does not improve enough. On the contrary, it is 
because there is a possibility that silicon nitride may sublimate, in heat treatment time exceeding the 
temperature exceeding 1400 degrees C, or 6 hours. 

[0026] Moreover, what is necessary is it to be possible to crystallize the grain-boundary phase of the 
sintered compact which makes silicon nitride or sialon a principal component, and just to adjust the 
temperature of heat treatment, and the pattern of time by performing heat treatment in this vacuum, if 
needed in that case. By crystallization of the grain-boundary phase by this heat treatment, the intensity in 
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the elevated temperature of a sintered compact improves. 

[0027] In this this invention, ceramic sintered compacts are ceramics which make silicon nitride or 
sialon a principal component, and other ceramic components (SiC), for example, silicon carbide, the 
zirconia (Zr02), the titanium carbide (TiC), the hafnium carbide (HfC), etc. may be contained. 
Moreover, whiskers, such as a silicon carbide whisker, a silicon nitride whisker, and a carbon whisker, 
may be included. 

[0028] An impurity is contained in the powder raw material of the ceramic sintered compact which 
makes silicon nitride or sialon a principal component like the above, and the content changes with the 
manufacture method of silicon nitride powder, such as direct nitriding and the imido decomposing 
method, or powdered refinement methods, it is desirable that calcium content of an impurity is in 1 ppm 
- 1% of the weight of the range especially at the well which attains the effect of this invention although 
it is 0.5 ppm - about 2 % of the weight with the content of calcium, therefore commercial silicon nitride 
powder It is because a sintered compact sufficiently precise as slide member will no longer be obtained 
if the improvement effect in adhesion of the coat by heat treatment of this invention among a vacuum 
becomes remarkable and exceeds 1 % of the weight, when calcium content in a sintered compact is 1 
ppm or more. 

[0029] Although a sintering acid is added and sintered at silicon nitride powder in manufacture of the 
ceramic sintered compact which makes silicon nitride or sialon a principal component, naturally the 
ceramic sintered compact of this invention may contain the sintering acid. As this sintering acid, a 
yttrium oxide (Y203), an aluminum oxide (aluminum 203), alumimium nitride (A1N), a zirconium 
oxide (Zr 203), a magnesium oxide (MgO), an erbium oxide (Er 203), an oxidization dysprosium (Dy 
203), titanium oxide (Ti02), silicon oxide (Si02), a ytterbium oxide (Yb 203), etc. can be mentioned, 
for example. 

[0030] A ceramic sintering body size is not limited but may have also about a configuration the shape of 
the shape of a pillar, a cylinder, and hollow, the configuration which has the pore section, and what other 
complicated configurations. This ceramic sintered compact can also perform polish, wrapping 
processing, etc. in advance of formation of a coat according to the purpose of use. 
[003 1] Although all well-known methods can be used in order to form the coat of diamond or diamond- 
like carbon on the front face of the ceramic sintered compact which makes a principal component the 
silicon nitride or sialon which performed heat treatment in the above-mentioned vacuum, especially, 
using vapor phase synthetic methods, such as various CVD, a combustion flame method, the ion plating 
method, and the sputtering method, reaches practically, and it is desirable on production. 
[0032] A vapor phase synthetic method excites the material gas containing carbon source gas in a 
reaction chamber, and makes the coat of diamond or diamond-like carbon specifically form on a sintered 
compact. As carbon source gas, it is used if needed using the carbon compounds containing nitrogen 
besides various hydrocarbons, a halogen, oxygen, etc., or such mixture, mixing with hydrogen, an argon, 
helium, etc. As the excitation method of material gas, there are RF plasma CVD method, DC plasma 
CVD method, a microwave plasma CVD method, heat filament CVD, heat CVD, a plasma flash 
method, and a thermal-plasma method. 
[0033] 
[Example] 

Si3N4 powder of the particle size (median size which is a median) shown in the example 1 following 
table 2, and marketing with an impurity content was used, 5 % of the weight of 20Y3 powder of 1 . 1 
micrometers of mean particle diameters and 3 % of the weight of 20aluminum3 powder of 0.6 
micrometers of mean particle diameters were added to this, and wet blending by the ball mill was 
performed in ethanol for 100 hours. 
[0034] 
[Table 2] 

Character of silicon nitride powder Median size ** Pure Object ** ** Amount (micrometer) aluminum 
O C calcium Fe CI Mg 0.9 20ppm 1.2wt% 0.1wt% 0.2wt% 20ppm 15ppm 0.01wt%[0035] After drying 
this end of mixed powder, CIP fabrication was carried out by the pressure of 5000 kg/cm2. Heating 
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maintenance of the obtained Plastic solid was carried out at 1600 degrees C in the nitrogen gas 
atmosphere of one atmospheric pressure for 4 hours, next, sintering of 6 hours was performed at 1700 
degrees C, and HIP processing of 2 hours was performed to the obtained sintered compact in the 
nitrogen gas atmosphere of 1700 degrees C and 500 atmospheric pressure. 

[0036] After carrying out wrapping processing of the silicon nitride sintered compact obtained in this 
way, it has arranged in a vacuum-heat-treatment furnace. Next, evacuation of the inside of a furnace was 
carried out to ten to 3 Pa, and the vacuum heat treatment which holds a test piece at 1300 degrees C for 
3.5 hours was given. RF plasma CVD method was used for the front face of the sintered compact which 
gave this vacuum heat treatment, the diamond-like carbon coat with a thickness of 1. 1 micrometers was 
formed in it, and it considered as the test piece 1. Using methane as material gas, the membrane 
formation conditions of a diamond-like carbon coat are pressure 0.5Torr(s), and were set to output 
power 800W. 

[0037] Moreover, the comparison test piece la which heat-treated in nitrogen atmosphere and formed 
the diamond-like carbon coat, the comparison test piece lb which did not perform a vacuum heat 
treatment but formed the diamond-like carbon coat on the same conditions, and the comparison test 
piece 1 c which perform only wrapping processing and do not have a diamond-like carbon coat 
produced instead of heat-treating in a vacuum, after carrying out wrapping processing of the silicon- 
nitride sintered compact manufactured like the above for comparison. In addition, the heat treatment 
conditions in the inside of nitrogen atmosphere were made into 5 hours at the same 1300 degrees C as 
the case in a vacuum, and processed with atmospheric pressure. 

[0038] According to the pin-ON-disk test method, the sliding examination was performed using these 
test pieces 1 and the comparison test pieces la, lb, and lc on the conditions of 150mm/second in 20 Ns 
of loads, and sliding speed, and the 50000 number of times of sliding. Consequently, although 
coefficient of friction was 0.9 in comparison test piece lc without a diamond-like carbon coat, both the 
test piece 1 of this invention, test piece heat-treated in nitrogen atmosphere la, and comparison test 
piece lb that formed the diamond-like carbon coat, without performing heat treatment were 0.2. 
[0039] However, when the wear depth was seen, in the test piece 1 of this invention, it was far [ as 0.8 
micrometers ] few to comparison test piece lc being 8 micrometers, and the comparison test pieces la 
and lb being 3 micrometers. Moreover, although exfoliation of a diamond-like carbon coat was accepted 
in comparison test piece la which carried out coat formation, and comparison test piece lb which 
carried out coat formation without heat treatment after heat-treating in nitrogen atmosphere, exfoliation 
of a coat was not accepted in the test piece 1 of this invention. From these results, it became clear that 
the adhesion of a coat improves remarkably with the test piece 1 of this invention in which the diamond- 
like carbon coat was formed after the vacuum heat treatment. 

[0040] On the other hand, it was the same silicon nitride sintered compact as the above, and the element 
distribution in a grain-boundary phase was investigated about the depth direction, using an X-ray 
microanalyser (EPMA) about the sintered compact which heat-treated in the vacuum according to this 
invention, and the sintered compact which has not performed the sintered compact and heat treatment 
which heat-treated in nitrogen atmosphere, and the result was shown in drawing 1 . Drawing 1 is a graph 
which shows the distribution of Y20-N4Si 12048 in the depth direction, and calcium(Fe, Mg) Si 206 
from a sintering body surface, and the vertical axis is expressed as the relative graduation which set to 
100 the content of Y20-N4Si 12048 in the front face in the sintered compact which gave the vacuum 
heat treatment. 

[0041] That Y20-N4Si 12048 and calcium(Fe, Mg) Si 206 are a fixed distribution to both the depth 
directions, and heat treatment in nitrogen atmosphere is ineffective made clear the sintered compact 
which has not performed the sintered compact and heat treatment which heat-treated in nitrogen 
atmosphere so that drawing 1 might show. On the other hand, although both compounds existed in the 
interior in the sintered compact which heat-treated in the vacuum, calcium(Fe, Mg) Si 206 began 
reduction gradually toward a depth of about 400 micrometers to the front face from the front face, and 
was not detected at all on a front face. 

[0042] Moreover, using the transverse test piece which consists of the same sintered compact as an 
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example 1, heat treatment in a vacuum or heat treatment in nitrogen atmosphere was performed on the 
same conditions as the above, and the 1.1 -micrometer diamond-like carbon coat was formed in these test 
pieces and the test piece which is not heat-treated by the plasma CVD method on the same conditions 
after wrapping processing. 

[0043] Anti-**** (ordinary temperature, 600 degrees C, 800 degrees C, 900 degrees C, 1000 degrees C, 
1 100 degrees C, 1200 degrees C, and 1300 degrees C) was measured using each test piece which 
prepared these diamond-like coats. The result is shown in drawing 2 . The test piece which performed 
heat treatment in a vacuum had small degradation of most anti-**** also in the elevated temperature, 
and the test piece which performed heat treatment in nitrogen atmosphere showed what has not heat- 
treated, and the temperature dependence which seldom changes so that this result might show. 
[0044] Furthermore, although the peak which originates in the grain-boundary phase of a crystalline 
substance in addition to the pattern of silicon nitride had appeared in the test piece which performed heat 
treatment in a vacuum when crystal structure diffraction of each [ these ] test piece was investigated, in 
the test piece heat-treated in nitrogen atmosphere, the peak by the grain-boundary phase of a small deer 
crystalline substance had not appeared other than the pattern of silicon nitride. Moreover, only the peak 
of silicon nitride was detected in the test piece which is not heat-treating. The adhesion of a diamond- 
like carbon coat not only improves, but from these results, it can raise an elevated-temperature property 
by crystallization of a grain-boundary phase by heat-treating in a vacuum. 
[0045] Si3N4 powder of the particle size (median size which is a median) shown in the example 2 
following table 3, and marketing with an impurity content was used, 10 % of the weight of SiC whiskers 
with a length of 5-50 micrometers was added to this by 6 % of the weight of 20Er3 powder of 0.8 
micrometers of mean particle diameters, 3 % of the weight of A1N powder of 1.1 micrometers of mean 
particle diameters, and 0.4-2 micrometers of minor axes, wet blending was carried out to it like the 
example 1, and it dried. 
[0046] 
[Table 3] 

Character of silicon nitride powder Median size ** Pure Object ** ** Amount (micrometer) aluminum 
O C calcium Fe CI Mg 1.5 30ppm 2.1wt% 0.1wt% 0.6wt% 60ppm 29ppm 0.01wt%[0047] Hotpress 
sintering was performed for this end of mixed powder on 200 atmospheric pressure, 1750 degrees C, and 
the conditions of 2 hours, and the silicon nitride sintered compact was manufactured. After carrying out 
wrapping processing of the silicon nitride sintered compact obtained in this way, it has arranged in a 
vacuum-heat-treatment furnace, evacuation of the inside of a furnace was carried out to ten to 4 Pa, and 
the vacuum heat treatment of 2.5 hours was performed at 1400 degrees C. 

[0048] RF plasma CVD method was used for the front face of the sintered compact which gave this 
vacuum heat treatment, the diamond-like carbon coat with a thickness of 0.6 micrometers was formed in 
it, and it considered as the test piece 2 of this invention. Using methane as material gas, the membrane 
formation conditions of this diamond-like carbon coat are pressure 0.8Torr(s), and were set to output 
power 600W. 

[0049] Moreover, after carrying out wrapping processing of the silicon nitride sintered compact 
manufactured like the above for comparison, a vacuum heat treatment was not performed but 
comparison test piece 2a which formed the diamond-like carbon coat on the same conditions, and 
comparison test piece 2b which performs only wrapping processing and does not form a diamond-like 
carbon coat were produced. 

[0050] The sliding examination was performed on the same conditions as an example 1 using these test 
pieces 2 and the comparison test pieces 2a and 2b. Consequently, although coefficient of friction was 1.3 
in comparison test piece 2b without a diamond-like carbon coat, both comparison test piece 2a that 
carried out coat formation, without performing the test piece 2 and vacuum heat treatment of this 
invention was 0.2. 

[0051] However, when the wear depth was seen, as for the test piece 2 of this invention, 9 micrometers 
and comparison test piece 2a had little comparison test piece 2b to being 2 micrometers as far as 0.4 
micrometers, and although exfoliation of a diamond-like carbon coat was accepted in comparison test 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



8/21/02 



THIS PAGE BLANK (usfto) 



Page 7 of 8 



piece 2a which moreover carried out coat formation without the vacuum heat treatment, exfoliation of a 
coat was not accepted in the test piece 2 of this invention. From these results, it became clear that the 
adhesion of a coat is improving remarkably with the test piece 2 of this invention in which the diamond- 
like carbon coat was formed after the vacuum heat treatment. 

[0052] After carrying out the grinding process of the silicon nitride sintered compact manufactured like 
example 3 example 2, it has arranged in a vacuum -heat-treatment furnace, evacuation of the inside of a 
furnace was carried out to ten to 4 Pa, and the vacuum heat treatment of 4 hours was performed at 1200 
degrees C. RF plasma CVD method was used for the front face of the sintered compact which gave this 
vacuum heat treatment, the diamond coat with a thickness of 5 micrometers was formed in it, and pin- 
ON-disk test piece 3 a was produced. Moreover, after carrying out the grinding process of the silicon 
nitride sintered compact manufactured like the above for comparison, comparison test piece 3b which 
formed the diamond coat on the same conditions was produced, without performing a vacuum heat 
treatment. 

[0053] The same sliding examination as examples 1 and 2 was performed using these test pieces 3a and 
3b. Consequently, although exfoliation of a diamond coat was not accepted in test piece 3a by this 
invention, big exfoliation was seen in comparison test piece 3b. This result showed that the adhesion of 
a coat was improving in test piece 3a of this invention in which the diamond coat was formed after the 
vacuum heat treatment. , ;. » 

[0054] Moreover, the distribution of Y20-N4Si 12048 in the depth direction and calcium(Fe, Mg) Si 
206 was measured like the example 1 from the front face of a sintered compact about these test pieces 
3a and 3b. Consequently, although both compounds existed in the interior of test piece 3a of this 
invention, calcium(Fe, Mg) Si 206 began reduction gradually toward a depth of about 350 micrometers 
to the front face from the front face, and was not detected at all on a front face. On the other hand, in 
comparison test piece 3b, it became clear that both compounds are fixed distributions to the depth 
direction. 

[0055] Si3N4 powder of two kinds of marketing was used, 4 % of the weight of 20aluminum3 powder 
of 0.8 micrometers of mean particle diameters, 4 % of the weight of A1N powder of 1.0 micrometers of 
mean particle diameters, and 3 % of the weight of 20Y3 powder of 0.8 micrometers of mean particle 
diameters were added to each Si3N4 powder, and wet blending with the particle size (median size which 
is a median) shown in the example 4 following table 4, and an impurity content by the ball mill was 
performed in ethanol for 100 hours. 
[0056] 
[Table 4] 

Character of silicon nitride powder Powder Median size ** Pure Object ** ** Amount Kind 
(micrometer) aluminum O C calcium Fe CI Mg A 0.7 30ppm 2.5wt% 0.1wt% 0.1wt% 50ppm 18ppm 
0.01wt% B 0.7 28ppm 2.6wt% 0.13wt% 1.5wt% 47ppm 18ppm 0.01wt%[0057] After drying this end of 
mixed powder, CIP fabrication was carried out by the pressure of 5000 kg/cm2. Heating maintenance of 
the obtained Plastic solid was carried out at 1600 degrees C in the nitrogen gas atmosphere of one 
atmospheric pressure for 4 hours, next, sintering of 5 hours was performed at 1800 degrees C, and HIP 
processing of 2 hours was performed to the obtained sintered compact in the nitrogen gas atmosphere of 
1750 degrees C and 1000 atmospheric pressure. 

[0058] When the organization observation of each silicon nitride sintered compact and density which 
were obtained in this way were measured, the sintered compact using Powder A did not have a defect, 
and density is 3.24 g/cm3 and it turns out that it has turned precisely enough. However, as for the 
sintered compact using Powder B, a front face and the interior had many defects, such as a pore, and 
density had not turned into 3.11 g/cm3 precisely enough, either. 

[0059] Next, the sintered compact manufactured using this powder A was processed into the pin-ON- 
disk examination, and after carrying out wrapping processing, the vacuum heat treatment was given by 
arranging in a vacuum-heat-treatment furnace, carrying out evacuation of the inside of a furnace to ten 
to 3 Pa, and holding on time [ to show a test piece in the following table 5 at 1 150 degrees C ] 
conditions. In this case, the silicon nitride near a front face was sublimating the test piece which 
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performed the vacuum heat treatment of 8 hours at 1 150 degrees C of conditions 5, and it did not hold 
the configuration of the test piece before heat treatment. 

[0060] RF plasma C VD method was used for the front face of the test piece which gave the vacuum heat 
treatment from conditions 1 to conditions 4, and the diamond-like carbon coat with a thickness of 1.5 
micrometers was formed in it. The pin-ON-disk examination was performed for these test pieces on the 
same conditions as an example 1, and the result which evaluated the coefficient of friction and the wear 
depth was collectively shown in Table 5. Moreover, while cutting these test pieces at right angles to an 
examination side, measuring the concentration change of calcium component to the depth direction from 
an examination side by EPMA and showing the result in drawing 3 , in quest of the depth from the front 
face of an origin to which calcium concentration falls, it was shown in Table 5. 
[0061] 
[Table 5] 

Conditions 1 Conditions 2 Conditions 3 Conditions 4 The condition 5 holding time (H) 0.5 1.0 2.0 5.0 
8.0 ** ** Charge Number 0.9 0.8 0.3 0.2 - Wear Depth (Micrometer) 2.7 2.6 0.8 0.8 - ** Film ** ** 
Exfoliation Exfoliation With no exfoliation With no exfoliation -calcium concentration fall origin 
(micrometer) 30 80 110 340 The silicon nitride near a front face sublimated on the - (notes) conditions 

5. 

[0062] From these results, when calcium concentration is not falling like conditions 1 and 2 from a part 
deeper 100 micrometers or more than a sintering body surface When calcium concentration is falling 
like conditions 3 and 4 to the diamond-like carbon coat having exfoliated from the part deeper 100 
micrometers or more than a sintering body surface Exfoliation of a diamond-like coat does not arise but 
it turns out that the adhesion of a coat is improving, and that the wear depth is also small compared with 
conditions 1 and 2. 
[0063] 

[Effect of the Invention] According to this invention, the slide member made from ceramics which could 
form the coat of the diamond of high adhesion or diamond-like carbon by the yield good productivity 
and high by the easy method, therefore equipped the front face with the coat of the diamond of high 
adhesion or diamond-like carbon on the front face of the ceramic sintered compact which makes silicon 
nitride or sialon a principal component can be offered. 



[Translation done.] 
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